Two new lignans, (8R,8'R)-8-hydroxy-3,4-dimethoxy-3',4'-methylenedioxy-7-oxolignan (1) and (7'R,8'S)-3,4-methylenedioxy-3',4'-dimethoxy -7,8-seco-7,7'-epoxylignan-7,8-dione (2), were isolated from the EtOAc extract of the fruits of Schisandra sphenanthera, along with ten known compounds. The structures of these compounds were elucidated on the basis of NMR and MS analysis. This is the first report of the occurrence of secolignans in Schisandra.
Plants of the genus Schisandra belong to the economically and medicinally important family Schisandraceae. In China, over 19 species are known to be a rich source of lignans possessing various beneficial pharmacological effects, such as antihepatitis, antitumor, anti-oxidant, and anti-HIV-1 activity [1a-1c] . In the course of chemical studies on indigenous folk medicinal plants, we investigated the constituents of S. sphenanthera, which led to the isolation of two new lignans, 1 and 2, and ten known compounds, 7,8-seco-holostylone (3) [2a] , ganschisandrine (4) [2b], (7S,8R,7'S,8'S)-3,4: 3',4'-bis (methylenedioxy)-7,7'-epoxylignan (5) Compound 1 was obtained as microcrystals. Its molecular formula, C 21 H 24 O 6 , was determined on the basis of the HREIMS ion at m/z 372.4126 [M] + (calcd 372.4121) and supported by the 1 H, 13 C, and DEPT NMR data. The IR spectrum showed the presence of hydroxy (3434 cm -1 ), aromatic ketone (1667 cm -1 ), and aromatic ring (1637, 1596, and 1458 cm -1 ) functional groups. The 1 H NMR spectrum showed that six aromatic protons at δ H 6.68 (d, J = 1.5 Hz, H-2'), 6.74 (d, J = 7.9 Hz, H-5'), 6.65 (dd, J = 7.9, 1.5 Hz, H-6'), 7.63 (d, J = 1.5 Hz, H-2), 6.93 (d, J = 8.4 Hz, and 7.71 (dd, J = 8.4, 1.5 Hz, , a methylenedioxy group at δ H 5.91 (2H, s), and two methoxy groups at δ H 3.96 (3H, s) and 3.93 (3H, s) were attributable to a 3,4-dimethoxyphenyl and a 3,4methylenedioxyphenyl group. Two methyl protons at δ H 0.58 (3H, d, J = 6.1 Hz, CH 3 -9') and 1.14 (3H, s, CH 3 -9), one methylene protons at δ H 2.42 (1H, dd, J = 10.3, 13.0, Hβ-7') and 3.16 (1H, d, J = 13.0, Hα-7'), and one methine proton at δ H 2.40 (1H, dq, J = 11.0, 6.5, H-8') remained to be assigned in the 1 H NMR spectrum. The 1 H-1 H COSY spectrum showed coupling between the methyl protons at δ H 0.58 (3H, J = 6.1 Hz, CH 3 -9') and the methine proton at δ H 2.40 (1H, dq, J = 11.0, 6.5, H-8'), which was also coupled to the methylene protons at δ H 2.42 (1H, dd, J = 10.3, 13.0, Hβ-7') and 3.16 (1H, d, J = 13.0, Hα-7'). The methylene protons were determined to be benzylic since they showed HMBC correlations to the phenyl NPC Natural Product Communications carbons at δ C 134.9 (C-1'), 109.4 (C-2') and 122.1 (C-6'). Furthermore, the HMBC correlations observed between the aromatic protons at δ H 7.63 (d, J = 1.5 Hz, H-2) and 7.71 (dd, J = 8.4, 1.5 Hz, H-6) and the carbonyl carbon at δ C 202.3 (C-7) suggested the attachment of C-7 to the 3,4-dimethoxyphenyl ring at C-1. Finally, the HMBC correlations of methyl protons at δ H 1.70 (s, CH 3 -9) with the carbons at δ C 80.4 (C-8), 202.3 (C-7), and 44.1 (C--8') implied that CH 3 -9, C-7, and C-8' were connected to C-8. These data, together with the downfield chemical shift of C-8 (δ C 80.4) indicated the presence of a hydroxyl group at C-8, thus completing the planar structure of 1. The NOESY spectrum of 1 showed spatial interactions between CH 3 -9 and H-6, between H-8' and H α -7', and H-6', and between H β -7' and H-2', and CH 3 -9'. CH 3 -9 did not show any spatial interaction with CH 3 -9'. These data suggested a syn orientation for CH 3 -9' and H β -7', as well as a trans orientation for CH 3 -9 and CH 3 -9'. Based on the above data, the structure of 1 was determined as (8R,8'R)-8hydroxy-3,4-dimethoxy3',4'-methylenedioxy-7oxolignan, which is similar to that of oleiferin D (8) [2g] ; the main differences between 1 and 8 were signals for a methoxyl group at C-4 instead of a hydroxyl group, and signals for an additional hydroxyl group at C-8 (δ C 80.4). The latter affected significantly the chemical shifts of C-8' (∆δ = + 5.8) and C-9 (∆δ = + 11.7) due to a β effect, and of C-9' (∆δ = -4.1) due to a γ effect. In addition, the multiplicities and chemical shifts of CH 3 -9 (δ H 1.70, s) and H-8' (δ H 2.40, dq, 11.0, 6.5 Hz) were also different.
Compound 2 was also obtained as microcrystals and assigned the molecular formula [2a] , also isolated in this study. The 1 H and 13 C NMR spectrum of 2 (Table  1) indicated the presence of two methyls [δ H 2.24 (s, CH 3 -9) and 0.96 (d, J = 6.9 Hz, CH 3 -9'); δ C 28.7 and 13.7], two methines [δ H 5.96 (d, J = 10.0 Hz, H-7') and 3.17 (dq, J = 10.0, 6.9 Hz, H-8'); δ C 78.0 and 52.4], and two carbonyl carbons (δ C 209.8 and 164.8), which were essentially similar to those of 3 and indicated that 2 should also be a 7,8-secoholostylone-type lignan. In addition, the 1 H and 13 C NMR spectra also revealed two sets of aromatic Lignans from Schisandra sphenanthera Natural Product Communications Vol. 4 (11) 2009 1573 carbon atoms, one due to a 3,4-dimethoxyphenyl moiety, and the other to a 3,4-methylenedioxyphenyl unit (Table 1) . From these data, the 1 H and 13 C NMR spectra of 2 showed the presence of the same groups as those of 3. However, the obvious difference found between them was the chemical shift values of the 3,4-dimethoxyphenyl and 3,4-methylenedioxyphenyl groups, which might be caused by the difference of the positions of the 3,4-dimethoxyphenyl and 3,4methylenedioxyphenyl groups. So we assumed that the positions of these groups should be interchanged. This was supported by the HMBC data. In the HMBC data ( Figure 2) . Similarities of the 1 H and 13 C NMR data of 2 with those of 3 indicated that 2 had the same relative configuration as 3, and the absolute configuration of the two was assumed to be the same [2b]. This was further confirmed by 1 H coupling constants (J 7', 8' = 10.0 Hz) and NOESY correlations. In the NOESY experiment, H-7' correlated with CH 3 -9' and H-2', H-8' correlated with CH 3 -9, and CH 3 -9' with H-2' and CH 3 -9. From the above evidence, 2 was determined as (7'R,8'S)-3, 4-methylenedioxy-3',4'-dimethoxy -7,8seco-7,7'-epoxylignan-7,8-dione. In the present study, twelve compounds were isolated and identified from the fruits of S. sphenanthera including ten lignans, which were classified into four structural types. Except for 4 [2b] and 5 [2c], the other 8 compounds were obtained from this species for the first time. A literature survey revealed that secolignans are a rare group of lignans, which mainly include peperomins from the genus Peperomia [3a-3f] , juspurpurin from Justicia purpurea [4] , and 7,8-seco-holostylones from Holostylis reniformis [2a] , although lignans have been generally reported as plant metabolites. Of the known secolignans, some peperomins have been found to possess anti-HIV [3a] , cytotoxic and antitumor activities [3b,3e]. Thus, it is worth mentioning that 2 and 7,8-seco-holostylone (3) are two rare 7,8-seco-lignans. Biosynthetically, these compounds have been presumed to be formed by the oxidative cleavage of the C7-C8 bond of aryltetralone lignans [2a] . To the best of our knowledge, this is only the second report of a compound featuring a 7,8-seco-lignan skeleton from nature. Additionally, it is also worth mentioning that this is the first report of the occurrence of secolignans in Schisandra. IR spectra: Paragon 1000pc spectrometer; KBr pellets; in cm -1 . NMR spectra were measured on a Bruker DRX-500 NMR spectrometer with TMS as internal standard. MS: VG Auto-Spec-3000 mass spectrometer, values in m/z.
Experimental

Plant material:
Fruits of S. sphenanthera were purchased in March 2008 from a folk medicine market, "Ju-hua-cun" in Kunming, China. These materials were identified taxonomically by one of the authors, Y.G. Chen. A vourcher specimen has been deposited in the Herbarium of Materia Medica, Yunnan Normal University, Kunming, China.
Extraction and isolation:
The dried and powdered materials (10 Kg) were soaked in MeOH and extracted at room temperature for 5 days four times. The MeOH extract was conc under reduced pressure to give a residue (syrup, 1680 g) . This was suspended in H 2 O (4L) and partitioned with EtOAc. The combined EtOAc solution was conc to yield a residue (363 g), 300 g of which was subjected to CC on Si gel G (100-200 mesh, 2.5 kg, 10× 150 cm, i.d.) using a light petroleum (b p 60-90°C)-EtOAc-MeOH solvent gradient. Fractions eluted with light petroleum (b p 60-90°C)/EtOAc (7:3) were combined (564 mg) and further chromatographed on a C-18 reversed-phase (RP-18) column eluting with MeOH /H 2 O (65:35) to give 9 (54 mg) and 10 (35 mg). Fractions eluted with light petroleum (b p 60-90 °C)/EtOAc (8:2) were combined (26.4 g) and further chromatographed on a silica gel column eluting with a stepwise gradient of light petroleum (b p 60-90°C)/CH 3 COCH 3 (9:1 to 7:3) to give 5 subfractions (F1-F5). Subfraction F1 (1632 mg), eluted with light petroleum (b p 60-90°C)/CH 3 COCH 3 (90:10), was recrystallized in CHCl 3 to give a colorless solid 5 (65 mg). Subfraction F2 (265 mg), eluted with light petroleum (b p 60-90°C)/CH 3 COCH 3 (87:13) was submitted to gel filtration on Sephadex LH-2 with MeOH to afford pure 7 (26 mg). Subfraction 4 (F4, 3165 mg), eluted with light petroleum (b p 60-90 °C)/CH 3 COCH 3 (from 84:16 to 70:30) was submitted to gel filtration on Sephadex i.d.) with MeOH to give 4 (175 mg), 6 (137 mg), 8 (76 mg), 11 (56 mg), 12 (64 mg), and two light yellow resinous fractions, F4a (137 mg) and F4b (267 mg). Subfraction F4a was subjected to repeated silica gel column chromatography with light petroleum (b p 60-90°C)/EtOAc (8:2) to yield compound 1 (14 mg) . Fraction F4b was subjected to repeated silica gel column chromatography with n-hexane /EtOAc (9:1) to yield compound 2 (7 mg) and compound 3 (18 mg). 3434, 3001, 2953, 2924, 2850, 1667, 1637, 1596, 1458, 1350, 1323, 1218, 1124, 1062, 1032, 970, 946, 836 3077, 2953, 2856, 1712, 1597, 1493, 1457, 1347, 1323, 1208, 1024, 972, 948, 839 
